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1. SUMMARY OF OBJECTIVES AND SPECIFIC AIMS FOR NEXT YEAR OF SUPPORT 
The overall objective of the research continues to be to develop and 
validate a computer-based methodology to quantify, visualize, and 
unify anatomic information derived from coronary arteriography and 
physiologic information derived from myocardial perfusion 
tomography. 
The most significant achievement during the second year of research 
was the development and initial validation in phantoms of a computer 
algorithm to unify into a single quantitative display the 
reconstructed 3D arterial tree with the reconstructed 3D myocardial 
perfusion distribution. The importance of this achievement in terms 
of research in the field is that this algorithm is the first to 
allow such unification from patient specific information. The  
importance of this achievement in terms of problems of heart and 
vascular diseases is that the integration of anatomic and 
physiologic information obtained independently from these two 
cardiac imaging modalities should result in the improved assessment 
of the extent and severity of coronary artery disease. Moreover, 
subsequent clinical utilization of this technique could help unlock 
the mystery as to why some patients exhibit myocardial perfusion 
abnormalities in the absence of coronary artery disease. 
The specific aims of the research for the next year of support are 
generally the same as those originally proposed. These objectives 
are as follows: 
(1) To 	continue to refine and extensively validate 	computer 
algorithms for reconstructing and generating quantitative, 
patient-specific, three dimensional (3D) arterial maps obtained 
from simultaneous, biplane, digital coronary angiography. 
(2) To 	continue to refine and 	extensively validate computer 
algorithms for generating 3D quantitative, myocardial perfusion 
distributions obtained from single photon emission computerized 
tomography using thallium-201 and a new perfusion tracer, 
Tc-99m-MIBI. 
(3) To continue to the develop and validate a computer algorithm 
for registering, quantifying and visualizing in 3D a unified 
model of the coronary tree superimposed on the myocardial 
perfusion distribution. 
Whereas during the first year of the proposal we emphasized the 
developments in (1) and (2) above and during the second year in (3), 
during the third year we will emphasize the initial validation and 
application in animals and patients of each of these three phases of 
development. 
The experimental design and methods for achieving these goals are 
basically the same as those described in the initial proposal. More 
specifically, what we expect to accomplish in the three major areas 
of development is as follows: 
Development of methods for the quantification and visualization of 
anatomic information from coronary arteriographic studies.  
We will analyze results from implementing these algorithms in 
biplane 	angiographic 	studies 	from 	animal 	experiments 	and 
conventional patient procedures. We expect to find patient and 
animal studies which will make the algorithm fail to some degree 
making further modifications and improvements necessary. We will 
continue to automate and objectify the reconstruction procedure by 
improving the detection of vascular structures by modifying the edge 
detection technique described in detail in [1]. We will continue to 
improve operator interaction to facilitate manual editing. We will 
continue to develop a knowledge-based artificial intelligence 
approach to tracking and isolating the various vessels which might 
superimpose on the two-dimensional planar projections. We will 
continue develop methods described in [2] to reconstruct and 
display in an animated format sequential, simultaneous, biplanar 
angiograms in order to quantify and visualize the important temporal 
information yielded by these studies. 
Development of methods for the quantification and visualization of  
physiologic information from myocardial tomographic studies of 
radioactive perfusion tracers.  
We will analyze results from implementing these algorithms in 
myocardial perfusion SPECT studies from animal experiments and 
routine patient procedures. We will document improvements to our 
present methods of sampling the myocardial count distribution 
described in [3] and [4] for the surface model of perfusion by 
emphasizing computer techniques which sample perpendicular to the 
myocardial wall. We will continue to use this count distribution not 
only to render and quantify myocardial perfusion but also as a 
parameter of myocardial thickness and thickening which may also be 
used to quantify myocardial mass as described in [5]. We will apply 
these methods in the animal and patient studies for correlations 
with MRI as an independent measurement of regional wall thickness 
and myocardial mass. We will use this myocardial thickness 
information to start development of the volumetric (rather than 
surface) model of the myocardium in 3 and 4 dimensions. We will 
investigate various four-dimensional filtering techniques to improve 
our rendering and animated display of surface models of 
4-dimensional perfusion distributions (3D + time). We will implement 
in the 3D displays the techniques developed to quantify 
reversibility as a marker of myocardial ischemia as described in [6] 
and [7]. 
Development 	of methods 	for the 	unified  quantification 	and 
visualization of anatomic and ph siologic information in 3 and 4  
dimensions. 
We will analyze results from implementing these algorithms to unify 
the angiographic and SPECT studies from animal experiments and 
routine patient procedures. The initial validation will be done 
using end-diastolic distributions. Whereas in the second year we 
were successful in rendering the dynamic course of the contracting 
coronary tree [2] and independently the myocardial mass [4] during 
the third year we will commence the unification of these two 
distributions in a combined display. We will also continue to 
develop the techniques described in projects 3.3 and 3.4 of the 
original proposal to quantify the extent and severity of stenotic 
lesions based on myocardial mass and perfusion. 
2. STUDIES CONDUCTED DURING THE CURRENT BUDGET YEAR 
Significant progress was achieved during the current budget year 
toward fulfilling the goals of the proposed research. The studies 
conducted and milestones achieved are described below including 
references found in the Publications section and Appendix. 
A number of our manuscripts appeared (or are about to appear) in the 
literature resulting from our efforts during the first and second 
years of this grant. In particular these manuscripts were related to 
the following accomplishments: 
1. The development and initial validation of a computer algorithm to 
reconstruct from a limited number of arbitrary angiographic 
projections, and using non-parallel geometry, the patient's 
coronary arterial tree in three-dimensional (3D) space: [1] and 
[2] 
2. The development of computer algorithms for quantification and 
visualization of the 3D myocardial perfusion distribution using 
the heart's actual dimensions: [3] and [4]. 
3. The development of a new sampling method for more accurately 
extracting the 3D myocardial perfusion distribution using a 
combination of spherical coordinates for sampling the apex and 
cylindrical coordinates for sampling the rest of the myocardium: 
[3] and [4]. 
4. The development and validation of methods for estimating the 
effects of wall thickness on the recovered counts which may be 
used for the eventual measurements of wall thickness or 
thickening necessary for the development of volumetric models of 
myocardial perfusion: [5] 
5. The development of an algorithm to quantify and visualize 
perfusion defect reversibility between stress and rest as a 
marker of myocardial ischemia [6] and a prospective validation of 
the method using a large patient population [7] 
Other accomplishments not reported yet: 
6. The 	development of methods to unify the angiographic and 
perfusion end-diastolic information. 
7. The initial validation of this unification in phantoms. 
8. The utilization of the 3D myocardial perfusion display approach 
to help differentiate patients with left bundle branch block 
(LBBB) with CAD exhibiting a large heart and apical hypoperfusion 
from patients with LBBB and no CAD. 
9. The development of methods and clinical implementation of the 3D 
myocardial thickening display as a marker of viability. 
3. FOR PROTOCOLS INVOLVING THE USE OF IMAGES FROM PATIENT STUDIES NO 
CHANGES IN THE PROTOCOLS WERE PERFORMED OR ARE PLANNED FOR THE 
COMING YEAR. 
4. FOR PROTOCOLS INVOLVING THE USE OF VERTEBRATE ANIMALS NO CHANGES 
IN THE PROTOCOLS WERE PERFORMED. We are considering to modify our 
animal experiments such that instead of using the canine model we 
would use the porcine model which might be more appropriate, less 
expensive (allowing for more experiments). If we do decide to 
switch we will first obtain the necessary permissions from the 
IACUC. 
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